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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a mettiod for 
growing a nitride semiconductor substrate that involves 
a nitride semiconductor used in a light-emitting device 
such as a light-emitting diode and a laser diode, or a 
light receiving element such as a solar ceil and a 
photosensor, reduces crystal defects of a substrate 
especially made of the nitride semiconductor, and has 
excellent crystallizability. 

SOLUTION: A partial stripe- or lattice-like protection 
film is formed on a support substrate, a first nitride 
conductor is grown in a horizontal direction on the 
protection film from a support substrate exposure 
section, the growth is stopped while the protection film 
is not being covered, and the protection film is removed 
for forming space at the lower section of the first 
nitride semiconductor that is grown in the horizontal 
direction. After that, a second nitride semiconductor is 
grown from the upper surface of the first nitride 
semiconductor, or a side that is set to the upper 



surface and a growth section in a horizontal direction. 
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t ^!|fgit-rsS5*«2 X(± 5 {CfB*&<^ffifk«J#»i*:* 

&m^^xmii^Mmim^^j:^^^^mxitt6. ffiasi^ 
X(i±®Jlt>'«:^ifiifig:Sffl5^-ejb^lilMJ; »)IS2 

1 5 1 fliriBffilSieiS:l^*-t«. ^ t tc J: O . « 

it'iio^^mi^'t&^Lxfm^iifzztinimt-r^m^ 
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X<i 1 2 0 0 t:J0L±O»*«r«fO?SiM*&JSBlT-ab^C 
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[0 0 0 3] JPN. J. Appl. Phy 

s. Vol. 37 (1998) pp. L309-L31 
2(I(±EL0G (Epitaxial lateral overgrowth GaN) 

Z<7)±iZ, 1 0 0 T o r r<r>m.1±-C. Aitm^^i^im. 

M^fM L«l216tii;^^t:t/*«#^«;^|6](;*ft S -tir-s 

[0 0 0 4] 

^i-^asi ^ff^ffi Lmt<^^mi^im:f5\^ n fig* $ -tt ^ 

&^|!a7!»»>^:v^Mfb!^#-3>«:7!>»»'c>n.-57»^ S i02^ 

[0 0 0 5] tfz. ^mmmmi^znniLfzm.im^miif^ 

fi«)(ctef5i****-t-&o Zixti^ 1 oic(±s i O2 ^<7){^ 

«±tc e 5' * V A- ;PfiS;SU i o Tm?-« L T 

< s § k: rS- ^ V ^ ^u^g^^Jt^ - t 

izX t) e-y hd*:^|; <fiS:SL-CLS To 
[0 0 0 6] Z<r>fztb. ^ffifi£Sa^fflv^fj{saM±<0 

«:^|6]fiKguj; i^a^Lfc 1 ^(omit^^m^i^^im 

f&Lxii. -i&(i^^j:mm^mm.tmmizmoztiiX'^ 
m.^mu-fi>zti}mmx'i>y). ^=f-m^i>+^x'in£ 

Z tli^^Xii^j:A-^fZo 

[0 0 0 7] $f>J-, -y-^r-f T^<7)±U»glBI*fflv» 

xmim^^i^'tmuf^is.m^^xm^Lfz 1 «:<7>aft 
^-y-^T-rr, mit^^^m'i^mAmmLfzmm. 
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"^-Tii^ofzo 

[0 0 0 8] tfz^ hiz^ "^fy r -ir&^mffymm^Wi 
iMm^i^m^Lxm.it'iiii^mi^m^iif^-r^iM^ii 
■?r<r>m'k<r>mmmm.<r>m^^mtLx. ^mmm. 
immiri,^m^^ mmmm.tmim^mi^(owmiz:j. 
^ -> V - -If ^ BBtt L Ti^® Of b^is-g- immiri, ^ft 

J: hm^{Z\t^mn^ti^i)^i)^^m<n\Sim.i)^i} •) , -^-7 r 
10 [0 0 0 9] *^^0§6tll±, ^ilBI^ffli'^Tt: 

X. %wsk±.im-fi^^^Lfzmm^m^^mi)m^ir 

-5.. mtz^j^^m.m^'k^^-rhz.tKhi,, ttz. mt 

i)^h<r>^m.^<r>W^i^^\,z-t^z.t^Utf}tir^. 
[001 01 

(ltS^«l?fc-t'5./i46o#S] ±M(r>m.m,im^-fi>fz 
»io|&iigu«*gfb!i*>*»«:l6«(i. 

v^izg-^-r^mj^w^iaifiKft^rifiii-r ^ c t i 1} m 
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[0 0 1 1] i}^i)^i,mm.i^-r^mm^m^&mt. 

t C J: 19 «:^|6]^« L^c» 1 <r>mim^m'^<r>Tmz^ 

±mRi>'mij\ti]j&S:U»X'$)i,mmx •) n 2 (r>m.im^ 
^i^i^m^^^ztizj^iosk^-r^hztid^x'^^ho - 

40 (Tyx-^oxiiB.^--^ XW^UtLX'^i-y r -( r^nmm 

5: < T i » 2 oafb^#a|>i*:^J±Sra±T-S^-t-i> C t 

-So 

[0 0 12] ±fEo$p<. (*am±<oas:^[6]ss^, m 
i(r>mm¥Fm'm'K^Mzm'k-ti>wHz±if>^ ^<r>m. 

50 »2<0Sft!BJ#«ft:*^raJiT-|*«g-ti-r5:vnc«'&$ 
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IS:* ? -tir ^ B# ( ; f§^-t ^ ^ PP$ij -t -2> ^ t Tjf-e ^ ^ o 
[0 0 13] tfc. m2<Dmit^^mw^<om'^uryf 

to 0 1 41 ^ibtc, Si#*«±{-i3v»rSfb!^#««: 

^nmm. (r>m^^m\~iMx.x. 

lO 0 1 5J m%Z%WmS.t LT. -^-^T-fT^coMtt 

^^ix^mm^mi^mi. ^ i>^r§LX'^9:^fLtzmim 

(b) ®S^ft/<y7rS^^L-Cfi£SL/cafl:**'; -^^ 
AS. (c) eSfife«>'<y 7rS*:/hLT^SL7tSft 

<7), X(i (d) ftjafi6:S^<y7r^^:/hL-rfiK«L;t:S 
[0 0 1 6] tf^T-t, (c) 7T)l^tfrL 

6«Jl-flJfflL-C, ^t^^m(Ommi^S>ti-i>Zti>^X'i 

(d) eiaffi«^<-7 7T§$:^rLrMit**'; 
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IS2<oafb^^#*#:^/|f)S;«i-^/t*!), m2(Dmitft^^ 

[0 0 1 8J «ffll)BI(±^l OSfb!KJ#S1*:eOfiKftf^i; 

mim^Lx^\'-o 

[0 0 1 91 ««^^^*-r-S>:^ftUI±. K7^'j:.y^ 
"bo:^?* iafbi^ili^ii^OlgSltifiT^-iira C i: < 

>yii. ^mmim^-t^m^i:iaimzmM-ti>zt:^^~ 

[0 0 2 0] ifz. umm'k^wmmmm*mtii-ri>t 
xm^L. m 1 <r>m.it^^mi$-(Dm:H\^m.mu»x^i, 

J: •) . s i o 2 m'r>^wm*mm.m±.^zm.'Bk-rz>m.it 

iiis^m^<^^^mz^^-fhzt\.zi.z>f^m.. fin*>. a 

[0 0 2 11 m^mm^zmt'r mfr-fm. mt^ 

K-ftv;W3^>^7A, Zixh<r>^mm:. Xlil2 0 

^mmmna. ^'T^mmizmim^m^m^fSL^L^j:^^ 

[0 0 2 21 ifz. :^^m2(o§&miz%i,mit!&^mi^ 

$ Hi- tzmif^^mi^m * *-r -5. afbt>#«f^^« 

T, -&ffifte*><b«:^i6j(cgtftL7tSfb!i^>#«<^l^ 

[0 0 2 3] iP*>, *ll^(c^^Sfb4*;#Sf*^«i±. 
50 i6iffifiLfcafb^#i»fts**i:</Mc«'&-«i:-r. i^ra^^t 
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[0 0 2 4] JilE«ji^*1-^S^t%4^«1$«1S(±. M 

[0 0 2 5] mumit'^^mi^<r>m^m. mtmmmi 

m^mii^(omiz^^i-i,mimmLx^ mm^mwm 

[0 0 2 6] tfc. ^^^i^mxim2^mi,zx*)'^ 
hitfziR:mimm<r>mit^^m^m<o±iz^ ^^^^ y% 
fflffis^ (j-jiT, THvpEftj) \.zxy)9W:<r>m.im^ 

;^tLT, *Pt^»ill?gx:±»2ll?gi-^o-<^S^ff 
9 C t- J: •) , -Sfee^ftOfiv^aft^#Sfic2MgSr 

[0 0 2 7] 

mzmm-ti>o 

miz%z,m.im^^wms,iZ'D\,^xwim-ri>o m i 

(a) -El (d) {±, ?SlO%gg{C#-i,a<t!^#«{^ 

[0 0 2 8] HI (a) ii#m*«i±u. mim^m 
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T(i. cm. R®, Sf/AffiOi.^-r^X75^^3E®ti-a-9- 
7T^'r. XtT^^^W (MgAl 2 04 ) <7)J:T^^$t14 
^1g. SiC (6H. 4H, 3C) > ZnS. ZnO, 

G a A s , Si, -BLtymm^m'Wtis&^i^^-^z,mt 

[0 0 2 9] tfz. ^tt^«l±(caftt)¥*ff2 

v^^v») «-ffMLT?> iv^o -"f y^rSt LTi±, Al 

N> GaN. AlGaN, I nG a,li^-f)^m^^hivi>o 
10 /<yyr^{t. 9 0 0"CJiLT3 0 0"CJ-:J.±<OiaK-t:\ BI 
1^0. 5//m- 1 0:t>i'*X hn-AT-fiS4«$n^o w 

[0 0 3 0] M«^«i±tcffM?ix-i>aft» 

#*#:2fcLrJi, T> K--7'(7)G aN, S.l>'S i , G 
S ni3<tf>'Sl|Onli:^*E^^^ K-7*Lf>:G a 
td^-r'#, ajLt)#^#2ti, 9 0 0"C-1 1 
0 0 'C-C-^tt*«±tCfiKR $ afb«!I#«^* 2 OIBII? 

#:2i:LT, G a N t A 1 x G a i - x N (0<x< 
l,»SL<(±0<x^O. 5) tOfDi, XliGaN 
tInyGai-yN (0<ygl) t <75Ste Srffl v>r t 

Av^o ^tLib^fflv^;z,Cti:J: t). GaN^tAl>:G 

I ny G ai-y N<Offi:v»||||5iSSr?lJfflLT, Mttft 

N, A 1 I G a i-x NXIil ny G ai-y Nii. r> 

[0 0 3 1] >kiz. m.im^mi¥2 <r>mm±i,z^m']i,z 
mf&^iv^umm3 tLxii. mmmmmizm.it^^m' 

*t#«r««?i-^o »*L<(i, Kib^WJil (S i 

Oi) , mit^^m (s i xNy) , mt^^y (t i 
Ox) . Kftv;i'=»-'^7A (zrOx) ^<7)Kfi:t;, a 

tii^X-^i>o 

[0 0 3 2] z<7)^mm3(7>w^-m.:fjmtLxii. cv 
-f i,zxt)^mmim^mmx-^i,:^ h^-ry^^txii^ 

a4^U^LTtSaM3 K^^i^<r>mMim&LX Bi 
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fzi^i-k. T.y^'i -r^ii 5 - 2 0 ;u mX'i>h<r>-h^kl-t L 
l-fM-t-l>Jf ^"Ot&^OSli 10-20/^ m-e*)-5.(7)75f<tf 

5 m&.Tt t&^-ttO^.aSOiH^r 1 0 - 3 0 m. 

L<(il 0-2 Ojumtf^cOTb^Si Lv^o 

10 0 3 3] msm<r>m:W-t lt(±. mi<r>m^t 

^^f^\>^tzt(>, #UK3Ei--2>'£<ll**^ < , 0. 0 5-10 

[0 0 3 4] j^y'^>y^k<r>m^(r>±mmi. El 2 

(a) - (c) RWrns (a) - (c) tc^-To 1212 

(a) {±, mim^^^2±izfm^fii>^mm3i^ 

Y^^-fm'~:r.y^y^-\^tzm^im-to 112 (b) S 
0^' (c) 14. •fSa^3 ^^&^-;bctZ^LTJ^ y^>^'-L 

112 (b) RI>'I12 (c) (C^i-J:^ (HA 

[0 0 3 5] -U. ms (a) - (c) (4. ftglMS «r 

Slfli3<7)ff^i^c(4, 0 3 (a) Riy (c) U^i-J;^^^- 

(=^ff^. m^m. i^nmm) t:-aboT<>. las 

(b) K7P-rx.nfj:m^x$,'oxi>K^^o %mmzw[± 

(4. -C#^/ftt— 3e<7)PflBIT% :*^o, mz^£ i> I n ['-W. 
t Lv^„ [13 (a) Tii. t^^I 

(c) T-i4, loo=:ftff^755Ki)'^9=^SJt5l2|B]±*J 

-So iSl, «am3(±. SfttJ4^*#:2*^^WaflHmixT 
J: <. ll2St>*3(:^-tf^4SUIifiR5e$fL^rv^o 
[0 0 3 6] «aBt3(Cff^ai--S,.^.ffl5^. 112 (b) S 
y-' (c) tC^-ri:oiA^^, XI4S3 (a) - (c) U 

[0 0 3 7] ifz. msiZTji-tJinizmmmi&mizn 
Lx. ^^^(OBUiM^-r^^tizii.^ mx-js.&-ri> 
m 2 <7)MfLi^*««;e 5 om^mmmm 3 <7)'p-c^ 1 

fittti:^/:i6. it^Wlefi!:*^** L^^^«-&SSO®« 
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[0 0 3 8] ifz. i^mmi :^ h 7 ^ -frnzMtSi-r 

^il, 7. h ^ 7'^[14 (c^i-ct T ic, ■^')yymi'^ 
y r -{ TCOAmtL. CCO:t 7 7ffiOSiI«tCitLT 
3E^t'*,ib*^(C. ^ = 0. 1-1° i'hLXfm-t^ 

[0 0 3 91 ;^tz, d 1 (b) (c^-tiTi:. «iIflI<o 
^.a^J: ')afl:!li5#2f#2 ^rl^t LT, » 1 coSft^** 

^t: 4 miir>m\:m^mw4^^^mfi^3±K 

70 ^lhi6^o ^(7)Xn^zLXl&.^^ixfzmi<^Mit^^^ 

it4<DmmMmi. mi (b) iz^-rj:o(c, mmm^] 
^n.fzT^ikt^j:^o zzx\ ^mwsifm^tifzm. 
im^mi^2 (D±izf&m^^^mi coafL%#*ft:4 1 

LT(4. #ICP1^S;}X^\.^3&^ G a N J: 19 ^^afbt)^ 

mmii. i^mmsffimm. ±^^izx^xi>^^j:i>o « 
mm:<Dmmimii\^izj&m^-^fzm^ait<o^.^^^m»im 
20 -r-S'£.s***^fci6, ^ 1 <Dmim^m^4 14. tsgiiR 

<;>Bi)l(;*^Lr^~^< t i 1 . 5(&m±T-ibl9, 1. 5 

[0 0 4 0] 01 (c) u^-Tiot;, ^10^ 
fb!^#^€#4«r«mili3±{-«:^(6j^ft$-^. 
^X'^tbtz^mx: tsaiR^l^i-t^o ^o«aiK3 0 

[0 0 4 1] z.z.x^ %vm^W^-fz>zh\zi.y)%i 

» 1 oajt^4^«fr 4 Jil-«S$-tir^M^t?S»*«ft:(~iJ 
V^T. ^ 1 <0Mft!K»#-S<*:<0«:^|6lfi£SiC J; •) fM$tt 

[0 0 4 2] >ktc> 01 (d) H^^J;olc, «Sa3 
*l^*L/c»10S<t:!fe#S<^4±(r, leiO^fbiBj^ 
40 4 OiHiRy-CBM i •) ^ 2 oafb!KF#Sft: 5 

[0 0 4 3] IS2<OSffc^#«ft:5 t U-C(4, T>K- 
iJiCKS i. Ge, Sn, S^OnM^*E 

IJifr K-yL^cG a N. f 7tt4M g^O p a?r:a!l&^ K 

-T'LTtG a N*fflv^-i,^i:7!>st?#, m2</)mim^m 
i^5H. 9 0 0- 1 1 0 ox:x'&m^fi^o +f m 

g Sr K-y L-CfS 2 oafti^#«^^5 «:«g$-«ir* t , 

^ 2 5 75*«:^i6](-»y-*^ < ^ i) . ^ i 

<oajb^4iSf$:4<7)|^.ra«:S«i>l,< t-S/c^ftfi Lv^„ 
so mil. TV K-7't^*i:m^Mi1#i43!>*^3e-r-&o J 
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4-7j^o/iA 1 X G a ! - X N (0<x<l) 

It. G a NO*#^(i 3-20;«m. §fiL<(4 5- 20 
^ mX-^^(DA^m.t L<, AliGai-x NO*|-^(± 
2 - 1 5 mA^ff i Lv^o 

10 0 4 4] $<c>(;. Si^2«oaft!t^#-^«:5 t LTSS 
I¥{±. 1 0 A-2 //m*^»4 Lv^o fl2<^Sft!&^S«: 

i/c. ^2<7)aft!^#*f$5^#^)iiti-^^t(i<t 

If, G a N/A IxGai-xN (0<x<l) ^Sffil 
«:fflv^-& t , A 1 X G a 1 - r NI±«S:^|6l^ft4:(Sji-t- 

SlJ-r^C t75«t:i^*flJT-*>^o 1?IJx.l±\ GaNtA 1 x 
G a 1 - X N<0--?7 5r#4' 2 0 0 A<7)l^ffT-5 0-«f-f ^' 

5 t1-^o 

[0 0 4 5] C C 2 5 l±. m.-f5Pi<r> 

fiStft i; J: >7 » «b tvfci^B^BttO J: 1 <r>mm^m^<r> 

\~<r>h.^^^'K.^im.^o ^.m\ (d) -eii, %2<r>^ 

% 2 (nmm^^mm 5 » i oM^ti^^^^^*^ 4 o 

^m^. ffia)^3*i^*L^<T^>ii2osfb®#«ft 
ssii^Hi-c-s-^i-^wt t^^fc*, ^mm3<Dm 

[0 0 4 6] i/::, m5[Z7fi-rxoi~. ^asis^Mft: 

1^*^^ 2 /I^Sm-r -i. i T-^^(Z|ift*-f -5, C t C J: •) , 
1 0 0 0"CWJi<OS«ri5-«t£t!cLr(S§llg±<OM 

or, ^mLfzs i 0 2Amit!&^^m~x^xm^Bm 
^mmi^^izm^Lfzikmx-m 1 <r>mi\:^^mi^ 
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[0 0 4 7] ttz. mei-m-tx n ffiHsss ^aft 
\^A<r>mi3m-^^Ltzu^<nT:n^~mm3 «r-sp^ 

ss-tir^Bfizs i 02^<o<^iigi75^ 1 0 0 0 t:J':Ji±<7) 

iE^mx-H-^ttWi-r h >! t IC J: I) fSiiMJiOSftl&^^i*: 

10 [ 0 0 4 8 ] 1^, [1 5 Ri^Ta 6 ic7Fi-|g«T-i±. ms.^ 
3i)^hn^ Lfzmims^mw-m 2 (o^B^sxei'i^^a-w 

L, Sfttf#-€#:e2ICV^*t<03tA*ffM$tt^v^„ 0 

1 3i;, m&'r>wm~^^fm^Mzmm^mwmwL 
^*?fLTiiaiL/caft!^#3rfr2*^^»L> -eo^M 

lcavW^¥:^^;o?S2 a;^>^-ffM$tL^o z.(7)m.im^m^ 
2<o^fi¥i-i^v*^^j»<7)fMi±> mi'Bt.xfm2<r>mit 
W*##:S4S.U'~5<7)?f*O^.Hi:^l)ff^o L3>»L- 
20 V4:««2 a<7>f^«l±, ^#««<7)flJ(i#:E14<7)|6] 

±tz^-^LTi3i9, ttz. m2(Dmit'm^m^b<r)^^ 
5 a T-Ot£l5:^^<0jtpSl| IC ^ L T -5, ,h .f,*>n 

v^^^t«2 a^«se<juffM-r^icii, mim^m 

^ c: ii> 2 (r>mmii^m.\t7 )\^ i-'yAif 

')'^.UX'^i>Zt-hmi Lv^o 

[0 0 4 9] ttz. HI 7 (C^-r J; 0 ^tt3&«l±tc 

30 t\zi.n^imi^m^^ini>^t^x'^i>o 
10 0 5 0) ^mmmmk~ii^'fi>mim^^i^ms.{z 

i i4\ mim^m'W<r>m%^ i- tt ^ ee^o ^ 1^ Tj^^t 

mwv-^m^cim'^- Ym'm(r>fzib<n7. y«jt 
i±, mBiEsr>vxi±*75^w <bn^,rStt^itA^^ 1 

OSfb%#*fl^4<7)^ftje,art>S:o;i^ltt, ^ 2 <0 

^\m^m\^m5<r>^^uti:mix. zixh<r>m{z^ 

It^XRS^Kli, 1 X 1 0 ' ffl/cm^WTtr-^ 

CTx-lf, U -yv^iRKS^Sf^^l-— 9-'<^*i'&l-liU 
•y->*gi5^, S^iZi^'NxnM^^i^u-^fiO^^l-liM 

tf>ziiifz;^Yy^yi^i. m 1 <r>mm^Fmi^m 4 <r) 
50 &mi&.^.t^j:^fzmmtf^2ff)mim^mim5<o^^ 
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10 0 5 1] ^m.<r>fm.2. *^ife<off^lR{-*3v^-cii. 

US (a) - (c) (±, m2<D^mi~%z>m.iW}^ 
mw^u<r)m^-nm<r>-mi7r^-^o m?> (a) - (c) 

<OIfI(±. *J£Off^.^.l tcistt^Hl (a) - (c) t 
ra«t?*»). Ell (a) - (c) Izov^TSiWUTtSiii 

*ft*ra«t;iiffl-r*C:i:^-^T'§^o [18 (a) (±. M 

[0 0 5 2] ;>:tr. 138 (b) (i^-TJiTtc, fSSIBio 
^.95 J: >9SfL!fe#3!C#:2 «r^t LT. » 1 <0^ft!^#« 

[0 0 5 3] US (b) <nimx-i>m.im^mi^^WLt 

LT^ffl-r^c: ttinrfig-e^^Tj^ 118 (c) 

C^-TiTtc, fpl<:oaffc:!Kl4^jSf*:4?:»aiR3 Ji{C« 

#:2*5Eraj-r^iT-^^U^*+^Ci:lzJ: 0, *1S± 
tzRlDf^^-Sr^S^Hfr-SBttcS i 02l|<OlS^IBi7i^ 1 
0 0 0 X:J-:il±OragET-^IS*£t^-t-2. ^ i: J: *) ffi^MJi 

4 0T:^{:^ra*^ff^S§*t*^ttc5r*/::i6, l^.^gp^^ 
4 a«riSaLi**'bSl^->'<5'-><03K^«rff9Clt**T- 

1 0 0 5 4 1 c ^ Lxmm^ixtzmitisimFmi^^ii. 
X o r~^m.\^tzm--i^-ox\^^t£\.^mmi^mwm<r>±.X' 



(8) 2002-261032 
[0 0 5 5] [19 (a) - (b) li. [1 8 J: o 

# -> + ;u $ "^xmimj^^^m^^ ?r Sit-r ^ xg ^ 

<7)^ft(cjgL;t9 0 0- 1 2 0 ot;ejS(-#s-r-&o 

10 m^^^v-a^^xmrnumtm^ni^. mm^mw&M.^ 
Bcf y vtm^Lx^^tz-f)^ ^%mmmr~.i6iii>m 
im^^wmWiXit. mfSL^Ltzmmi^^wm4i>^:M. 

[0 0 5 6] 119 (b) (i^-tiTi-, m.itm^ 

#tfafl:1%#*ft:^ 7 SO'" 8 ^ , a«e<J(C-i- 1: ^ ^ -> 

i-<t>). m.im'=^mwmA(r>mm\zhz>mj^imibxw- 

lit-figiS-r^C i:7i*T-^^o nM:3>5'^ hg6U(±, 
tRIx.if, AliGai-xN (0^x<0. 5) irfflv^ 
*^t7!>*T-#> nMnvi'^' he6<0|Rli:{±, 3-10 

fz^ nm.=i> 9 ^ hm6i^li6XitX(Dm'i-fi'f&m<DJtSu 

mii. mm^mi^omm^stX'^?> 9 o o -- 1 2 o o 

vi^.^fzttmmti^^zn') zt^mtL^-o 1^. mit 
it^^m^^m'r>±t,z^mnm=i>i'i' hmeirmfSL-r^ 
30 ftou. m.im^-^^m^<o±izG ai^m<omitm¥m 
i^*^hm.i>^<yy7mi:9 0 0-120 ox:xm.^^-*t 

^mam=iyf'9\-^6imm.-t^it'^i,z. ugiv- 

fLfzmim^mi^^ miL<l±. CaN^) Sr*l5!J 
iZfmLtz^iz nM3V;J'i5'hS6«rff^^L-C<> Av»o 

Mgi v-^L/zmim^m-i^^tmifimiz^mLM^- 

Ztii^'X^^o 

[0 0 5 7] ifz. nm::i>f^^ hme tmit^^m^i^ 
40 S7S.o-'8i:j:or#«#:v--»f^^-^«^i-^^^, 
^^Wi--^'m^<r>m'e- vmu^tzisbff):^ 

ffcti*«fl« 4 o^ftfe * 1 4 o t afk^#a|^^ 

S4 Oiiira4 a<7)4'-6i: *SttT, cncjco^l-eg-r 

^fiSI5«Ji, 1 X 1 0 711/cm2JJ]lT4:-e#*) o ^ 

-tf^ib. miif^&mLrzmim^mi^4 <o^S:m.^.t^^ 
<. mit^^mi^4m±<7)m.m4 a<oi'-c«'{>, -flfeo^^ 

50 lcJt'<itlf-^-^«Ee35lR5i*jSv»fcA-e*«>o 0dx.(f, ') 
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[0 0 5 81 1^. [18 (c ) l-^LTti: T S i O2 

0 0 0 t:J-JiJiwas-e*ft?K:tici-^ c t j: 19 «IS)^ s 

[0 0 5 9] ifz. mi ItC^I-iotc, ^tt^lSlJi 

o 

loo 6 01 ^ft!^#3r#:ff 2 <oa^, «SI)i[3<0 
[0 0 6 11 *JSOfJ® 3 . m 1 2 ( a ) ^If (h) 

[0 0 6 21 » 1 SO^'IS 2 0«:^[6]^:R(±. ^mmm 
v^o ttz. 't<Dm.^^i^-^i>^MX'hn . -kUXAM.^ 
ov^TSl2 (a) ai>'|1112 (b) $:#BB.Li:A*'bsa 

[00631 iai2 (a) (±, mi 0«:^|fi)fiKS^*J£ 

r ^ T^<0^a^« 1 0±tl, ail:!^#»«:§ 2 , » 1 

-r-&iT-(±*iioB® 1 ti^^-ci^o -eLT. ^20 

«-r^A^ HVPES8^(9IRiCffM-r-2.^i:l-J: 19. 
tefii7)fHVPEe8 0^^(;J*j-|;:9^i-^„ -E-LT, 

H V p Es 8 <?)±(c, iiifeo®®. 2 1 mm<r>ijmz x o 
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hlz^l-MJ&m 6 so-' 7 ^ffM-t^o 

[0064] (1112 (b)i±, ^1 <Dm:H\^f^mimits. 

r^7mommmui<^±r^. mim^mi^m2. 
ikmmi:^ir^mit^^mtm 4 ^smi-^ t x-amm 
<omm2 tmux^:b. ^ttx. T^^^mmi^-r^bm. 
^t!®*«i*:«4<7)±(r, mmizm^^-^fzHVPEms 
^JFM-r^o ftfb!!i54i«#^4<7)9-t><*ifiii3<7).$,a5± 

HVPE^8^)¥III«;fM-t-5>-::i:t-J; 19, 

HVPEBSO^'frtZlSj— U^fjc-r-So -etr. HVP 

Eg8(7)±!i, ii*s<7)ff^|gi tmm.o:fjmi,zx-oxmi 
[0 0 6 51 ^^mmmAzniiii. m 1 <Dm:Hi^fS.m 

H V P E fiS;ftSf[:!|^#*#:Jl 8 tcj: o r:te;-H53-tfc$ 

t7{i?T-§;S>o 1^6, HVPE^8(±. ^P.^ 

•9 > ^^^S < t ^> 1 0 mJSL±, L < Ji 5 0 // 

±, $<b(Cif4L<l±2 0 0//mm±, etWS L<(i 

4 0 0 ;«mJ-:J.Ji-e*>^ii:7!i5'Mt Lv^o 

[0 0 6 6] :*:|&^<7)Sft:%##1*:*«<^^it:^St-i3 

v^r. g'ft«545^*«:2. mi<^mm^m^4. RX/m 

tLxit. #(cPB^§n'^>/^7!)N MovpE 

30 ^fflfigSft) , HVPE K^1Sfig«;S) . MB 

E (*^«|J^t: 5' , MOCVD {^m^mit 

[0 0 6 7] ^m.m<r>m.^'kmis.. t-rzit^mm^m^ 

[0 0 6 8] 

-^-^T'f Tll«l MOCVDSICJ: I), ©ft* 

5 1 ot:. ^-vu rr^rxcTK*, i^.^-^'xicrv^-r 

fcTMG ( h ^7A) t«rfflv\ •<f7r'('T 

^l±t;G aNi •9^-&>'<-y7T)B?r2 0 O^v^^:^ 

h u-unmw-X'iSLm^-^ho 

[0 0 6 9] ^<yy rm^&'ik. TMG<r>^itibX . iS 
ft^r 1 0 5 0X:4T-±*$-ti:. 1 0 5 0X:t-^o/::«b, 
50 !1^**;^UTMG, rv*-T, '>'7>ir:^im^^. T 
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S i O2 J:t9^:^»»^^0. 5 m<7)8S)¥T?fiK 
VIZ 7'ilil 1 4 /t/ m, 6 S i O 2 

h 7 -1' y'l5m(i'>i-y T -f T AM(;itLTSiS^:^|p]i:^ 

10 0 7 0] >kr~. Moc vDvitci MGEIfefJ^r-s 

K^r 1 0 5 O'CICLT. /Ifl-^'XHTMG. r>^- 
T. 'y=7>ii7.^ Cp2Mg ( > > ^S' v 

i$4 ^ 2 mOSIip-e)S:g$-ti-^o ^C0B#, » 1 OSft 
!!%^»<if4(i, S i 02«KIR(0ESCi »)fig:RL. ^<7) 

1 OMft%4i*#^ra±<0|>tK(i. 1^2 //mi: 1-^0 
[0 0 7 1] K 7 I" i ^ > ^^'T-ib •5)^:^14-3^ y 

CF4€:fflv\ SiOafSSIMS^rO. Z fxram.^ 

10 0 7 21 $e>{-. mj'^m.9z%^fzw,\(r>mmi^ 

<9> iajS^r 1 0 5 CCtcL. WJ^iS 7.\,Zl:U.Q. ^ r>^ 
— T, 'y^>ifX, Cp2Mg (-y!7Vi^> ^'JjL=.)i. 
■7V^^y<^2^) G a N J: ^'i.»2 <?5gf(:%# 

[0 0 7 3] nhiitz^2<om.im^m^^<^mmi. 

ffi (i ^>;Fi1 75% t'l. f> tti-* g.<[f ^ * >t L r V ^ 
^Bl^<:Pia<7)^(±, ^6 X 1 0 6 c m- 2 r'*)o/io 
(0 0 741 t**fee82] CffiSriBtL. :i-U7 7® 

^A®t1--^.•^^■7T-rr^«l ^-fflvv MocvDfeti 

{cr>*-TtTMG ( h U ;<^;i'*''J e'A) t «rffl 
v\ ■9-7r-fT^«l±tcGaNJ:l)^r-&/N*7-7rJB* 

2 0 0^>y;^ ^ n-AO)RI?r-^fi$-tir^o 

[0 0 7 51 ''^••>7TeffiS^*^ -?-<0±tcC VDStCJ: 
•) S i O2 i I9i^-&«g|ffil*0. 5;umOlBII5-C-*S$ 
;^ h7'< -/i/tO^* h-7;^^'-S:J^^U, :i.y^>'/ 
(- J: I) 7. h V ^' T'^S 1 4 // m, SSP 6 // mO S i O 2 J: 

10 0 7 61 -^t;. MOC VDfticJ; I}, j«BE^f1=-eia 
S?r 1 0 5 oriCLT. l^JR-^'T.HTMG. T>-=6^ 

V7>*'7,, CpsMg (->i' n'>?> viJi;u-7 
5^ ^> Srfflv^ GaNJ:»)'fc*mi<7>aft%#?l| 
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\%^-k2 nm<r)mm.-nm.?^^^h^ cost, ^icoa-ft 
!|^#^«:4(±. S i 02f^lilII<7?.^.Sr>J: ►)fi£SL. z.<r> 

{-s i 0 2«giis«rSdH5rufi!tgS:jhi?>-i.o i?!i«-r-&» 

[0 0 7 71 m:^\i.^y^>i''izi'o. SKi 2 
or-e. j:.y^>^'-*-7,(;^^, CF4 ^rfflv^TS i O 
2 3i0. 3 fi mJR >9 ^ < o 

[0 0 7 8] ^hiz, MOC VDftI- J: f) . |^ 1 O^ft 
;0 !fe#^#:(7)«ffi j3 J: O'^B J: 0 , ^a^fr-eiaS 1 0 5 

O'er-, JWMif :^izTMG^ r>^-r^ ->5>*'7;. 

Cp2Mg {vi'a/^>5' vaL^;u-7i?*7xv>^A) Srffl 
G aNi =t^^2WMfb!K?*^ft:«r 1 5;t/mOlBI 

[0 0 7 9] »'bix^c»2Oafb%#*«:5<0*M*, 
CL (*y- K;i'5 7>-b>;^) u J: i9«}|!l-t-S *tfe 
tail i:|B|#co$S*75s»'bn;to 

[0 0 8 0] mmm 3 ] 1 tcijv^T, ^^bi* 

[0 0 8 1] mmm4] m.mm2iziii-x. ^mm^ 
^i&i±mm~Lxm2<D&im^mn?-i^^^^i>o ^ 

[0 0 8 2] [IIMlJas] 2 Icjsv^T. 7 r-f 

r\z^^^m.mim^\^tz^k. 7TS«r^ft1--&flfe 

(±, m.mm2 tWimr~Lx^2<r>mm^mw'km.^^ 

■tir^o Ep-t>, CBSriBtL, * V 7 7®* ABt-f^. 
iO -'f7T'f T*^l ?rfflv>. -?-<7)JilcCVDft(;J: 19 S i 
O2 J: I9 5:^«a^?r0. 5 mO^l^r-ffift X 
h 7 -f 7°4^co 7 * h -7;^ ilfmL. i y-^ > ^'•U J: •) 
7. h^-f T'OSl 4 fxm. mW^6 /um<r>S i O 2 J: O^t^ 

l6l(±-i^7 r r A®ic*tLrM^:^|6] t-f-So 
[0 0 8 3] ^kl,z. MOCVDS«-J: , iaS=Sr 5 1 0 

G ( h 'J >^A) fc^fflv^, ■9-7r-fT^1gl 

JlUG aNJ:t9^J-2)''f y7r)gS-2 0 0:t>^^;^ho- 

40 ^<Dmwx'f&m^-±i>o 'Xi-. MocvDmizx*). m 

&^n-X'iMLeti 1 0 5 0"C(-LT, if.*|-**XUTMG> 
r>*— 'y'yyiTT.^ Cp2Mg (v^'O^vi'v 
trfflv^ G a N J: •} 4r^lS 1 <0S 
'ftt»#^#:4 Sr 1 5 // mOMIlT'fieft $-li-.&o 

[0 0 8 4] c:<o*i^, /'ty7TS<±, ■9-7T'rr±;« 

ltT'^<, S i 02«glBI±{-^^T««-r-5**, Si 
O 2 ±0>'<-y 7 r JgliMfi7j?^v>/-*>, ^ 1 (omitVo^ 
«^4«i, ^<y7re<7)9*.-^7r'fr±USSL/igC 

^ (s i o 2 <7).«.si5) <o.^^*^<b^««:ss&LT, nmm 
50 2 tmm~m:f3[^i~^fi-ri,, co^*, *ifep!i2tra 
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[0 0 8 5] [UteCTG] SiSCTn^isv^r, iiei;^ 

ft#«#:4<7)MI!Si;^^«ai]i3<^itiS(±it1il*^3. 5// 

ClJ: S)^2 0 0"C-ej:.y?^>^***X(CCHF3 ^ffl 

L (;<7 V- K^u^^^-tvx) UJ: "9 HilUL 71:^*^01 
4(a) H^-to figlffil3 03gSB±a5{H±|§S^Fa**a 

2 oa'fbt)^*^: 5 (± . i^-^-x^t-^ 

[0 0 8 6] [lliS^7]^JS0lj6Ci>v^-C, «aK3<7) 

t±. B13 (a) \,Z7r^-riKm^<r>m.ii^'^y Ti Tmm.<r)-^ 
x.>7--'y 3>7 y '/ Vm (AM) C^tfU4"^J:T 
{CE5^JL, y^^|ff^<OitgaSr2 0;um, T^AJBISIiora 
BSb?r5;«mi:-r^o C<7)®*, «»BII3 Ti^Jg^^HT 
v^/c±g|Si;«S$-ti-;t» 2 coa-fb^^^^ftHo^Mlcti 

[0 0 8 7] [*ife0iJ8]|liS6ai6 fciji/^T. mi^x/m 

^"^^Wm 4 (i , T^mMi 4- K - 1: > ^'--ti-f H l^S $ Hi: . 
»2<7)gfbt(4^^#:^5(i. S i H4 ^WMif :^^~1)Wx. 
T)S:fi$-ti-TS i t K-t:>yL/Co -eo^*. ^iSFO 

[0 0 8 8] [|liS1l!l9]^SS{RI8 {;i5V^r. ^2<7)Mfb 

imm^^ho » 2 <?>af b!fe#»frS 5 

[0 0 8 91 [nmrni o]«i£CT8HiJ^^t:, m2oM 

im^mwmsL^is.Wi^^i>. m 2 o^fbigf^s^s 5 

l±, S i H4 SO-*CP2Mg5:/F.fl-*";^HJ!Hlx-C^g$ 
[0 0 9 0] l]*te0118 llJSV^r, »2cOg 
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[0 0 9 1] [ib«(^Jl ] CM^iffit L> 'i-'; 7 7® 
^rAHti-^-y-Vr-f T^lgl *fflv\ MOCVDftH 

J: 17. iSS^S 1 or. 4r-r U T*-X(-7lcS. WMifT. 
(CT>*-Tt TMG ( h -J y ^;w7^r'; r;/ A) t^ffl 

2 0 0 5§->^^X hn-z^oMH-e^SS^-So 

[0 0 9 2] /^■•/7r8fig;ftf*, TMG<7)<^^jh«:)-C. 
10 1 0 5 0'Ci-e±fl-$ii:. 1 0 5 orient o;t'b, 

> K--rGaNJ: I9!&^^fb^#*#:2«r2. 5 // mO 

B5)¥T')SS?^i:^o •^<7)a'fbt;#«#2C0±trC VD?£ 
(- J; 19 S i 02 J; 19 >i^1SiiP?r 0. 5 mCOmH-Cfig; 

i^lC J: f) X h V -1* mS 1 4 m, ^.SP 6 mCO S i O 2 
20 [0 0 9 3] MOC VDfttCi f), 

1 0 5 ori- Lr. /gfl-*'>^i;TMG. ry^~ 

'yy'yiST.^ Cp2Mg (v^' 5^ 
y^^v-^^A) G aNi l9:&'5.S'(b^-*-S«:* 1 

5;«m<oiKi9-cfi£ft$-ti-«,„ ^oi^, '^\m^^mt. 

10 0 9 4] '\%hiy.fzmm'4-m^^<r>um-^. cl (* 

flgfiSt ? i\.x\.^tz±M^^<r>&im^m^^mz t 

[0 0 9 5] 

[l§ego5a*] 2t:||^oafb!ia4i*«:^«lcj:nif\ « 
L Jt^fb!|a#*«:a<0«-&gI5'vo<geo«cf tc 

l2;IIH{;*i--&gfb!fe4^«:#;«r^&* J: < ^ t 

[HI] HI (a) - (d) i±, ^^i^miftmizmf 

im2] 112 (a) - (c) (±. 

50 m-tm^mx'$>ho 
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[[131 03 (a) ~ (c) l±. %m.m<r>^^9-'yi: 

[E161 I16(±. l|§§§Uiott^Mfl:tl*j»f$ 
[0 91 0 9f±, 0 8 tC^i-Sfbt»#^#:*«<0±0 

^^f 0 ^itx@ tc^i-if® 0r-$> ^ o 

1010] 01O(i, *f^j^^2f§gg(liJtt^SlJ<73®M 
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[011] 011l±. *ft»2||^(Cfclt^$'b(CglJ 
[012] 0 1 2 (±, 3 I§?§(lfclt-S.^fbtl4^ 

[0 1 3 1 0 1 3 (i. 0 6 i-Tp-f afb!^#««:*«<o 
10 [014] 01 4 (a) SO'" (b) (i, *ii^J6 (0 

14 (a) ) so'Jt^i^iji (014 (b) ) izmf^m. 
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F 5F041 AA40 CA34 CA40 CA46 CA65 

CA67 

5F045 AA02 AA03 AA04 ABM AB17 
AB18 AC01 AC08 AC12 AC19 
AD13 AD14 AD15 AD16 AF02 
AF03 AF05 AF09 AF20 CAll 
CAT 2 CAT 3 DA53 DA54 DB01 
DB06 

5F073 AA14 CA07 CB02 CB05 DA05 
DA07 
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